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Abstract Supported nitric acid on polyvinylpolypyrrolidonewas found to be an efficient, environmentally
friendly, mild nitrating agent for the nitration of substituted phenols in dichloromethane at room
temperature with moderate yields.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY license. 1. Introduction
Nitration is important for two reasons: Firstly, because it
is the most general process for the preparation of aromatic
nitro compounds and, secondly, because of the part which it
has played in the development of theoretical organic chem-
istry [1]. The nitration of phenols is a fundamental unit pro-
cess of great industrial importance, generating commercially
valuable intermediates, and there is a great need for regio-
selective pollution free processes [2]. In the recent decade,
different procedures has been reported for the nitration of phe-
nolic compounds, such as 1-butyl-3-methylimidazoliumhydro-
gen sulfate/NaNO3 [3], Yb–Mo–Montmorillonite KSF/HNO3 [4],
tungsten oxide supported on sulfated SnO2 [5], tert-Butyl
nitrite [6], Cu(NO3)2/zeolite [7], 3-methyl-1-sulfonic acid
imidazolium chloride/NaNO2 [8], M(NO3)n.xH2O/PTSA [9],
Zn(NO3)2.6H2O/2,4,6-trichloro-1,3,5-triazine [10], bismuth sub-
nitrate/charcoal [11], M(NO3)n.xH2O/KHSO4 [12], M(NO3)n
.xH2O/oxalicacid [13], and tetrabutylammonium dichromate
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Open access under CC BY license.or tetrabutylammonium chromate [14], but some of these
procedures are not region-selective and are the cause of en-
vironmental concerns regarding the disposal of large excesses
of concentrated nitric acid and non-environmentally friendly
metallic catalysts or reagents. Therefore, designing systems that
may improve the mentioned limitations is of great importance.
2. Results and discussion
In continuing our studies on the application of new reagents
or systems for organic functional group transformations [15–
22],wedecided to apply an appropriatemethod for the chemos-
electivemono nitration of phenolic compounds. In this light, we
support nitric acid on polyvinylpolypyrrolidone to prepare an
efficient and mild nitrating agent for the heterogeneous prepa-
ration of nitro phenols.
Consequently, in this paper, we report an efficient and het-
erogeneous procedure for the nitration of substituted phenols
using supported nitric acid on polyvinylpolypyrrolidone under
mild conditions (Scheme 1). Results of the reactions (i.e. molar
ratio of reagents, time, yields andmelting point of nitrated phe-
nols) are summarized in Table 1.
All nitration reactions were carried out under completely
heterogeneous conditions. Ortho-Nitrophenols were easily
obtained viamixing a phenolic compoundwith supported nitric
acid on polyvinylpolypyrrolidone in dichloromethane at room
temperature. After reaction completion, the resulting yellow to
orange pasty mixture was passed through the short column.
In order to assess the capability of the present methodology,
with respect to the reported procedures for the nitration of
phenolic compounds, we compared our obtained results for
the nitration of p-methyl and p-tertbutyl phenol (as typical
examples)with the best of thewell-known data from literature,
as shown in Table 2.
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Table 1: Mono nitration of substituted phenols using supported nitric acid
on polyvinylpolypyrrolidone in dichloromethane at room temperature.a
Entry Substrate Product Time (Min) Yieldsb(%) M.P. (°C)
1 1a 2a 1260 28 43–45
2 1b 2b 120 73 30–31
3 1c 2c 70 81 86–88
4 1d 2d 290 64 oil
5 1e 2e 60 62 oil
6 1f 2f 25 78 oil
7 1g 2g 30 92 oil
8 1h 2h 30 26 71–72
9 1i 2i 20 54 77–78
10 1j 2j 40 51 88–89
11 1k 2k 30 57 oil
12 1l 2l 70 64 86–88
13 1m 2m 20 43 74–76
14 1n 2n 135 67 63–65
a Substrate/reagent for entries of 1–11 (1 mmol/0.420 g); for entries of
12–14 (1 mmol/0.525 g).
b Yields refer to purified product by column chromatography.
3. Conclusion
In conclusion, we introduce a new protocol for the prepa-
ration of ortho-nitro phenols with the following advantages:(a) Reactions were carried out under mild and heterogeneous
conditions; (b) our supported nitrating agent is inexpensive and
easily handled; (c) the procedure is environmentally benign;
and (d) the isolation and purification of the products is straight-
forward.
4. Experimental
Chemicals were purchased from Fluka, Merck and Aldrich
chemical companies. The nitration productswere characterized
by comparison of their spectral (IR, 1H NMR, and 13C NMR) and
physical data with authentic samples [2,4,13,17,23–27].
4.1. Preparation of supported nitric acid on polyvinylpolypyrroli-
done
In a 50 mL, round-bottomed flask, 2.82 g of HNO3 (65%,
3.2 mL) and 4.8 g of polyvinylpolypyrrolidone (PVP) (4 g,
3.24 mmol) were stirred for 10 min, and a white solid was
obtained quantitatively [15].
4.2. Nitration of 2-tert-buthyl-4-methylphenol using supported
nitric acid on polyvinylpolypyrrolidone
2-tert-Buthyl-4-methylphenol (0.164 g, 1 mmol) was added
to the suspension of supported nitric acid on polyvinylpolypy-
rrolidone (0.420 g) in dichloromethane (5ml). Thismixturewas
stirred at room temperature for 70 min (the progress of the
reaction was monitored by TLC). After reaction completion, the
crude productwas passed through the column chromatography
(packed by silica gel) using CH2Cl2 as eluent. The solvent
was removed by simple distillation and pure 2-tert-buthyl-4-
methyl-6-nitro-phenol was obtained at 81% yield (0.170 g), as
a crystalline, pale yellow solid;mp86–88 °C; 1HNMR (400MHz,
CDCl3): δ = 11.43 (s, 1H), 7.79 (s, 1H), 7.38 (s, 1H), 2.32(s, 3H),
1.43(s, 9H) ppm; 13C NMR (100 MHz, CDCl3): δ = 153.0, 140.2,
136.1, 133.8, 128.5, 122.2, 35.4, 29.3, 20.7 ppm.
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Iran, is gratefully acknowledged.Table 2: Comparison of the different methods used for the nitration of p-methyl and p-tertbutyl phenol using different catalysts and reagents.
Entry Substrate Conditions Reagent/Catalyst Time (min) Yield (%)a Reference
1 p-tertbutyl phenol CH2Cl2/rt PVP–HNO3 25 78 This work
2 p-tertbutyl phenol THF/rt HNO3/CuCl2–Yb–Mo–HKSF 720 95 [4]
3 p-tertbutyl phenol Solvent-free/rt NaNO3/Oxalic acid 15 86 [13]
4 p-tertbutyl phenol CH2Cl2/rt Al(NO3)3.9H2O/SiO2–OSO3H 35 54 [17]
5 p-tertbutyl phenol THF/rt HNO3/ZrOCl2-KSF 960 44 [23]
6 p-tertbutyl phenol THF/rt HNO3/Bi(NO3)3-KSF 960 50 [24]
7 p-methyl phenol CH2Cl2/rt PVP–HNO3 120 73 This work
8 p-methyl phenol [bbim][BF4]/Ar/30°C Fe(NO3)3.9H2O 60 82 [2]
9 p-methyl phenol CH2Cl2/rt Al(NO3)3.9H2O/SiO2–OSO3H 225 61 [17]
10 p-methyl phenol CH2Cl2/rt NaNO3/Mg(HSO4)2 180 72 [25]
11 p-methyl phenol Grinding/rt Bi(NO3)3.5H2O 5 63 [26]
12 p-methyl phenol CH2Cl2/rt Trichloroisocyanuric acid/NaNO2 30 74 [27]
a Isolated yield.
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